
SECURITY C0 ASSIFICATION OFTIS PG

la REPORT SECURITY CLASSIICAIONT N RES A D23 328
2a ECUITYCLASSIFICATION AUTI(PITr.3 iT

N A2
2b DECLASSIF iCATlON I/O IO A4J4 ' i ki

N A Distribution Unlimited
PERFORMING ORCANIZAIION REP64T-7 NUBRS5 MONITORING ORGANIZATION REPORT NuMBER(S)

6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION

University of California, (if applicable)

San Diego IN A Office of Naval Research
6( ADDRESS (City, State, and 7IP Code) 7b ADDRESS (City. State. and ZIP Code)
Marine Biology Research Division Resident Representative
Scripps Institution of Oceanography University of California, San Diego (Q-043)
La Jolla, CA 92093 _________ La Jolla, CA 92093-0001

Pe , AME OF FIINDING /SPONSORiNG B b OFFICE SYMBOL 9 PROCUREMVENT INSTRUMENT IDENTIFICATION NUMBER
O)RGANIZATION j(IH applicable)

Ciffice of Naval Research ONR N00014-88-K-0079
8c A,F5RESS (City State, and ZIP CodJe) 10 SOURCE Of FUNDING NUMBERS

Biological Sciences Division, Code: 1141MIB PROGRAM PROAiCT TASK WORK UINIT

800 N. Quincy St. ELEMENT NO NO NO ACCESSION NO

Arlington, VA 22217-5000
11 TITLE (In~lude Security Classification)

Biology o, Symbioses Between Mlarine Invertebrates and Intracellular Bacteria
2 PERSONAL AUTHIOR(S)

Horst Felbeck
13a TYPE OF REPORT 131) TIME COVERED 114 DATE OF REPORT (Year, Month, Day) 15S PAGE COUNT

Final IFROM 1/11,88- T012/31/901 1/21/91 I5
16 SUPPLEMENTARf NOTATION

17 COSA II CODES 18 SUBJECT TERMS (Continue on reverse it i~vcessary and idett fby block number)

FIEl D GROU 2  SUB GROUP Symbiotic bacteria; oligonucleotide probes; 119 r RNA sequences;
RuBP carboxylase .1 .Z -.

.19 AbSTRACT (Continue on reverse of necessary and identify by block number)

the object of our research was to characterize symbiotic chernoautotrophic bacteria using
molecular techniques. We are concentrating on the sequencing of their 16S rRNA to establish
phylogenetic relationships between symbionts from different invertebrate hosts. In addition, we
compare genes for ribulose-l, 5-bisphosphate-carboxylase in a number of symbiotic systems using
molecular probes of various origin.

20 DISTRIBIITION /AvAIlABILItY Of ABS I SACI 121 AUSI HALI SE (11101Y (I ASSIF I(ATI(TN
M~UNCILASSIFIED/UNLIMIIE D El SAME AS RPF EI] ITIC USERAS U___________________

22a NAME OF RESPOIISIBI F INDIVIDUIAL M2 TELEPHtONE (include Area Code) I?2c OFFICE SYMBOL

DD Form 1473, JUN 86 PreviowiedIionsiare abs-':-te SLCURITY CLASSIFICATION OF THI1SPAGE__

.S/N 01 02-1,1--01 4-6603



Distribution List for Annual and Final Reports

Put a cover page (Form DD 1473) on your report and attach a copy of the distribution
list. Mail one copy of the report to each person on the contractor subset list attached on
which your name appears. The other subset list is for your information only. Please
don't forget to attach this distribution list to your report.- otherwise the folks below
think they have mistakenly received the copy meant for the Molecular Biology Program
and forward it to us.

2. Mail two copies to (include a DTIC Form 50 with thgse two copies too)
Administrator
Defense Technical Information Center
Building 5, Cameron Station
Alexandria, VA 22314

3. Mail one copy to each of the following:

(a) Dr. Michael Marron (e) Director
ONR Code 1141 Chemical and Biological Sci Div
Molecular Biology Program Army Research Office
800 N. Quincy Street P. 0. Box 12211
Arlington, VA 22217-5000 Research Triangle Park, NC 27709

(b) Administrative Contracting Officer (f) Life Sciences Directorate
ONR Resident Representative Air Force Office of Scientific Research
(addrcss varies - see copy of your grant) Boiling Air Force Base

Washington, DC 20332
(c) Director,

Applied Research Directorate (g) Director
ONR Code 12 Naval Research Laboratory
800 N. Quincy Street Technical Information Div, Code 2627
Arlington, VA 22217-5000 Washington, DC 20375

(d) Director
Office of Naval Technology
Code 22 ,
800 N. Quincy Street
Arlington, VA 22217-5000

Li
1a1 3 4



FINAL REPORT ON CONTRACT N0001 4-88-K-0079; R&T 4412026

PRINCIPAL INVESTIGATOR: Horst Felbeck

CONTRACTOR: University of California

CONTRACT TITLE: Biology of Symbioses between Marine Invertebraites
and Intracellular Bacteria

START DATE: 1 January 1988

TIME PERIOD: 1/1/1988- 12/31/1990

RESEARCH OBJECTIVE: To study the properties of symbiotic bacteria

and to characterize them by 16S rRNA sequencing

PROGRESS:

Our research focused mainly on three subjects:
a) The characterization and sequencing of the gene for ribulose

bisphosphate carboxylase (RubisCO) from symbiotic bacteria
of various origins,

b) To continue methods development for 16S rRNA sequencing
from symbionts in frozen and badly preserved specimens, and

c) To use these new techniques to sequence 16s DNA from a
variety of symbionts

a) RubisCO

We have cloned the gene coding for RubisCO from the sulfur oxidixing
symbiont of the gastropod Alvinochoncha hessleri. Nucleotide sequence
analysis of the cloned fragment revealed that the large (rbcL) and small (rbcS)
subunits of the symbiont RubisCO were organized similarly to the RubisCO
operons of free-living photo- and chemoautotrophic prokaryotes. A comparison
of aligned sequences showed that the symbiont rbcL gene shared the highest
degree of sequence identity with the cyanobacterium Aabaea (69%) while
the nucleotide sequence of small subunit was 61% identical to that of the green
alga Chlamydomonas rheinhardti. A partial sequence analysis, which included
a portion of the rbcL sequence from a symbiont of the bivalve Solemya reidi,
revealed that the two symbiont sequences were highly identical -- 85 % at the
nucleotide level and 93% at the amino acid level, suggesting a recent common
origin. RubisCO activity was expressed in E herichea cli transformed with a
plasmid carrying the RubisCO fragment of the gastropod symbiont in the proper
orientation for transcrintion off of the p!asmid lac promoter. The level of activity
suggests proper assembly of this deep-sea RubisCO into the holoenzyme.

A reprint of our paper published in the Proceedings of the National Academy
of Sciences is included.



b) Methods for 16S rRNA sequencing

After many delays and problems we finally succeeded to dovelop a method
to amplify the genes for 16s rRNA from mixed (i.e. host and symbiont) DNA
extracted from frozen tissues and to seqtance these genes directly from the
amplification product.

We first extract the samples in Guanidinium isothiocyanate followed by further
purification through CsCI gradient centrifugation. After an additional purification step
(dissolving and re-precipitating) one obtains a preparation suitable for amplification.

We have had severe difficulties in the past sequencing directly from PCR amplified
DNA. Within the last year ,f this ccntr.ct, ho:.>2ver, we have overcome these protems
and are now routinely using this approach for sequencing. We are able to obtain
sequence information usable for phylogenetic comparisons within a few days without
prior cloning. The basic protocol is to sequence the cleaned PCR product directly
using the Sequenase I (United States Biochemical) protocol with either the PCR
primer or other internal primer as sequencing primer. With these primers we can
sequence two thirds of a 16s gene, i.e., approximately a thousand base pairs, which
allows a very thorough and detailed comparison of genes for 16s rRNA from different
symbionts. Using this technique we are currenily able to determine 350 to 400 bases
from each primer for double stranded DNA.

c) Sequencing of 16S rRNA from symbiotic bacteria

The host species of the symbionts whose sequences we have obtained are listed
in Table 1.

A phylogenetic tree based on most of these sequences (and additional reference
species) is also attached.
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Table 1. Species with symbionts whose 16S rRNA sequences have been determined by us.

Bivalves
Superfamily Family Genus/Species Location

Lucinacea Lucinidae Lucinoma aequizonata Santa Barbara Basin, CA
Codakia orbicularis Nassau, Bahamas
Anodontia philippiana Mangrove Bay, Bermuda
_;varicella quadrisulcata Waderick Wells, Exumas

Thyasiridae Thyasira flexuosa Brest Harbor, France
Glossacea Vesicomyidae Calyptogena sp ClKN7 Kaiko trench, Japan

Calyptogena kaikoi Kaiko trench, Japan
Calyptogena laubieri Kaiko trench, Japan
Calyptogena magnifica Rose Garden, East Pacific Rise
Calyptogena sp Oregon Subduction Zone
Calyptogena sp Monterey Submarine Canyon
Calyptogena elongata Santa Barbara Channel, CA

Mytilacea Mytilidae Bathymodiolus thermophilus Rose Garden, East Pacific Rise
Bathymodi:lus sp Louisiana Hydrocarbon Seeps
Bathymodiolus sp Florida Escarpment Seeps

Pholadaceae Teredinidae Lyrodus pedicellatus San Diego, CA
Bankia gouldi Fort Pierce, FL
Dicyathifer manni Australia
Teredora malleolus Massachusetts

Other Symbiont-Containing Taxa

Riftiida Riftiidae Riftia pachyptila Rose Garden, East Pacific Rise

Nematoda Stilbonematinae Catanema sp. ICarrie Bow, Belize

Gastropoda Alvinochonca hessleri IMarianas Back Arc basin
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